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LINEAR AND MULTI-SIN H 
TRANSCONDUCTANCE CIRCUITS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of application Ser. No. 
09/439,583 filed Nov. 12, 1999 now U.S. Pat. No. 6,181, 
204, which is a continuation of application Ser. No. 09/144, 
214 filed Aug. 31, 1998 now abandoned, the disclosure of 
which is incorporated herein. 

TECHNICAL FIELD 

The present invention is related to operational amplifier 
design. More specifically, the present invention teaches a 
variety of linear and multi-Sin h transconductance circuits 
each well Suited for use as a low-distortion input Stage in an 
operational amplifier. 

BACKGROUND ART 

In the design of operational amplifiers, it is important to 
provide a highly linear (i.e., low distortion), low noise 
amplifier capable of wide bandwidth operation. Bandwidth 
limitations, noise, and distortion can arise at any stage 
within the operational amplifier, but for present purposes the 
focus is upon the input Stage. The typical input Stage is a 
transconductor or transconductance circuit operable to con 
Vert an input Voltage signal into an internal current Signal 
more Suitable for amplification by the output Stage. Hence, 
the defining feature of the transconductance circuit is its 
Voltage to current transfer function. 

Prior Art FIG. 1 illustrates the prototypical input stage 
transconductor 10, i.e., a differential transistor pair. The 
transconductor 10 includes a pair of transistors Q1 and Q2 
whose emitters are coupled to a bias current Source I, that 
provides “tail” current for the transconductor 10. The dif 
ferential voltage input pair V, and V, drive the bases of 
the transistorS Q1 and Q2, essentially Steering the resulting 
differential current pair Io, and Io to a common 
ground reference 20. AS will be appreciated, the Voltage to 
current transfer function of the differential pair transconduc 
tor 10 is ideally a hyperbolic tangent (tan h) function. 

While widely applicable and well suited for certain 
applications, the transconductor 10 SufferS many shortcom 
ings. When used within an amplifier having a capacitive 
feedback loop, as is often the case, the transconductor 10 is 
extremely limiting on the Slew rate. (An amplifier's Slew rate 
defines the maximum rate of change in Voltage across the 
input and output terminals of the amplifier.) Specifically, the 
total current available to charge the feedback loop compen 
sation capacitor C is limited by the So-call “tail current of 
the differential pair, i.e., the bias current I. 

For the present analysis, it is fair to assume that the Slew 
rate is equal to I./C. Hence to improve the Slew rate, one 
must decrease C, and/or increase I, both of which are 
undesirable for a variety of well known reasons. 
Additionally, the tan h transfer function of the differential 
pair transconductor 10 means that transconductor 10 is a 
non-linear, distortive circuit. 
One common approach for addressing the Slew rate 

limitations of the differential pair transconductor 10 of FIG. 
1 is to use a class AB transconductance amplifier. Prior Art 
FIG. 2 illustrates one typical class AB amplifier 100 formed 
from a pair of differentially coupled diamond followers 
whose output emitters are coupled through a common load 
resistance Rev. Each diamond follower includes a pair of 
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2 
bias current Sources I, and four transistors (one follower 
is made of transistors Q1-Q4, the other follower is made of 
transistors Q5-Q8). 
The voltage to current transfer function of the class AB 

amplifier 100 without a common load resistance Roy (i.e., 
R=0) is ideally a hyperbolic Sine (sin h) function. Prior 
Art FIG. 4 illustrates Such an ideal transconductance of the 
class AB amplifier 100 (i.e., dIout/dVout) as a function of 
input Voltage. AS Seen in FIG. 4, the ideal transconductance 
of the class AB amplifier 100 is non-linear at voltages close 
to zero, but fairly linear elsewhere. The transfer function of 
the class AB amplifier will vary for different values of 
Ry, but the non-linear characteristics are Similar and 
related to the sin h function represented in FIG. 4. 

In practice, the transconductance gain of the class AB 
amplifier 100 is set by the available bias current, the 
common load resistor Roy, and the nonlinear transcon 
ductance characteristics of the individual transistors. 
However, when R is large it dominates the nonlinear 
effects of the individual transistors, thereby improving the 
distortion characteristics of the class AB amplifier 100. 
Unfortunately, increasing Roy increases noise in the class 
AB amplifier 100 due to thermal noise of the resistor. 
As mentioned above with reference to the differential pair 

transconductor 10 of FIG. 1, much of the non-linearity of 
transconductor 10 is due to the tan h nature of its transfer 
function. One well-known technique for linearizing differ 
ential pair transconductorS is the So-called “multi-tan h 
technique.” AS will be appreciated, the key to the multi-tan 
h technique is the placement of multiple nonlinear tan h 
transconductors (i.e., differential pairs) along the input 
Voltage axis to achieve in combination a more linear transfer 
function. 

Prior Art FIG. 3 illustrates a multi-tan h doublet 200 
formed from two differential pairs Q1-Q2 and Q3-Q4 and 
two bias current Sources I. Positive and negative offsets 
are introduced by forming each differential transistor pair 
with a gain imbalance. Specifically, a positive offset is 
introduced into the differential pair Q1-Q2 by forming 
transistor Q1 with a gain A that is greater than unity, and 
transistor Q2 with a gain of Substantially unity. Likewise, a 
negative offset is introduced into the differential pair Q3-Q4 
by forming transistor Q4 with a gain A that is greater than 
unity and transistor Q3 with a gain of Substantially unity. 
Prior Art FIG. 5 illustrates the combined transconductance 
gain. 
The multi-tanh transconductors do improve the distortion 

characteristics of an input stage, however the multi-tan h 
technique does not address the Slew rate and other problems 
of the differential pair transconductor. Likewise, the class 
AB amplifier provides an improved Slew rate, yet Suffers 
from the nonlinearity about Zero due to its Sin h transfer 
function. What are needed are a variety of transconductance 
circuits that are highly linear with low noise, and having 
bandwidth characteristics not limited by slew rate. 

DISCLOSURE OF THE INVENTION 

The present invention teaches a variety of transconduc 
tance circuits Such as transconductance circuits formed 
having a plurality of class AB transconductor amplifiers 
coupled in parallel. The class AB transconductor amplifiers 
have non-linear Voltage to current transfer functions. Each 
class AB transconductor amplifier is designed with an offset 
chosen Such that the individual nonlinear transfer functions 
are arranged along the input Voltage axis to achieve a more 
linear transfer function for the combined transconductance 
circuit. 
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For example, a first embodiment of the present invention 
discloses a transconductance circuit characterized by a Volt 
age to current transfer function, the transconductance circuit 
including a pair of class AB transconductance amplifiers 
coupled in parallel acroSS differential input and output pairs. 
The first class AB transconductance amplifier has a positive 
offset. The Second class AB transconductance amplifier has 
a negative offset. These negative and positive offsets are 
Selected to improve linearity of the Voltage to current 
transfer function of the transconductance circuit. It is con 
templated that offsets may be of equal or differing magni 
tudes. 

In certain embodiments, the class AB transconductance 
amplifiers are formed from a pair of differentially coupled 
diamond followers and a common load resistance R. 
Each diamond follower has four transistors and two bias 
current Sources. The transconductance of each class AB 
amplifier is thus a function of transistor gain, the available 
bias current and the common load resistance Rev. 

The present invention further teaches an operational 
amplifier having an input stage and a Second stage (e.g., gain 
Stage or output stage) coupled in Series. The input stage, 
characterized by a Voltage to current transfer function, 
includes a plurality of class AB transconductance amplifiers 
coupled in parallel. Each of the class AB transconductance 
amplifierS has an offset Selected Such that the combination 
tends to improve the linearity of the transfer function of the 
input Stage. 
Many embodiments of the present invention will involve 

coupling directly the outputs of parallel class AB transcon 
ductance amplifiers. However, Such a step is not necessary 
to accomplish the improvements in linearity contemplated 
by the present invention. For example, the parallel class AB 
transconductance amplifiers often represent one Stage in a 
circuit having multiple stages Serial and/or parallel coupled. 
So, the output of a first class AB transconductance amplifier 
may drive one Subsequent Stage, while the output of a 
Second class AB transconductance amplifier may drive 
another Subsequent Stage. These two Subsequent Stages are 
later combined (either directly or indirectly) thereby pro 
viding increased linearity at a Subsequent stage (such as the 
output) of the multiple stage circuit. 
AS implied in the preceding paragraph, other circuitry 

may be coupled in parallel with the class AB transconduc 
tance amplifiers. This results in a transconductance Stage 
providing the improved linearity of parallel coupled, prop 
erly offset class AB transconductance amplifiers, together 
with the electrical characteristics introduced by the addi 
tional parallel circuitry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Prior Art FIG. 1 is a schematic of a traditional differential 
transconductor that is simply a differentially connected pair 
of transistors. 

Prior Art FIG. 2 is a schematic of a class AB input stage 
transconductor. 

Prior Art FIG. 3 is a schematic of a multi-tan h doublet 
input Stage transconductor. 

Prior Art FIG. 4 is a graph representing transconductance 
gain of the class A-B input Stage transconductor as a 
function of input voltage. 

Prior Art FIG. 5 is a Second graph representing transcon 
ductance gain of the multi-tan h doublet input Stage 
transconductor as a function of input Voltage. 

FIG. 6 is a Schematic of a transconductance circuit in 
accordance with one embodiment of the present invention. 
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4 
FIG. 7A is a graph representing transconductance gain of 

one class AB transconductor amplifier with positive offset. 
FIG. 7B is a graph representing transconductance gain of 

one class AB transconductor amplifier with negative offset. 
FIG. 7C is a graph representing transconductance gain of 

the multi-sin h transconductance circuit of FIG. 6. 

FIG. 8 is a schematic illustrating with particularity one 
embodiment of the transconductance circuit in accordance 
with one embodiment of the present invention. 

FIGS. 9A-9D provide schematic illustrations of several 
class AB amplifiers that are Suitable for use in the present 
invention. 

FIG. 10 is a schematic of a transconductance circuit 
having a plurality of class AB amplifier Stages in accordance 
with still another embodiment of the present invention. 

FIG. 11 is a Schematic of an operational amplifier in 
accordance with yet another embodiment of the present 
invention. 

FIG. 12 is a Schematic of a multiple Stage circuit in 
accordance with a further embodiment of the present inven 
tion. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

The present invention teaches a variety of transconduc 
tance circuits formed having two or more class AB transcon 
ductor amplifiers coupled in parallel. The class AB transcon 
ductor amplifiers have non-linear Voltage to current transfer 
functions. Each class AB transconductor amplifier is 
designed with an offset chosen Such that the individual 
nonlinear transfer functions are arranged along the input 
Voltage axis to achieve a more linear transfer function of the 
combined transconductance circuit. 

FIG. 6 illustrates a transconductance circuit 300 in accor 
dance with a first embodiment of the present invention. The 
transconductance circuit 300 includes a pair of class AB 
amplifiers 310 and 320 coupled in parallel across differential 
input pair 330 and differential output pair 340. Each class 
AB amplifier 310 and 320 is designed with an offset pro 
Viding a more linear transfer function from the transconduc 
tance circuit 300. 
The teaching of the present invention improves linearity 

of the transconductance circuit 300 regardless of the type of 
class AB amplifier utilized. Accordingly, the class AB ampli 
fier type may be selected from any of the wide variety of 
class AB amplifier designs. (Some specific class AB ampli 
fiers are described below in more detail with reference to 
FIGS. 8 and 9a–9a.) Further, the pair of class AB amplifiers 
310 and 320 may be of identical type or of differing type, 
demonstrating Similar or dissimilar electrical characteristics. 
It is likely, however, that most applications will utilize two 
electrically similar class AB amplifierS Such that the non 
linearities are more easily cancelled. Those skilled in the art 
of electronics should be well familiar with the design and 
implementation of class AB amplifiers. 
AS noted above, one important aspect underlying the 

present invention involves Selecting the offsets of the indi 
vidual class AB amplifiers in order to improve linearity of 
the transconductance circuit 300. In the embodiment of FIG. 
6, the class AB amplifier 310 is formed having a positive 
Voltage offset. A representation of the transconductance gain 
of the class AB amplifier 310 is shown in FIG. 7A. The class 
AB amplifier 320 is formed having a negative voltage offset 
and a representation of its transconductance gain is shown in 
FIG. 7B. The transconductance gain of the transconductance 
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circuit 300 is essentially a combination of the nonlinear 
gains of both amplifiers 310 and 320, and has a much more 
linear transconductance as shown in FIG. 7C. Please note 
that the gain representations of FIGS. 7A-7C are simply 
examples of possible nonlinear gain functions provided by 
the class AB amplifiers. In application, the realized gain will 
be a function of the specific class AB amplifier utilized. 

FIG. 8 illustrates a transconductance circuit 400 in accor 
dance with yet another embodiment of the present invention. 
Like FIG. 6, the transconductance circuit 400 includes two 
class AB transconductor amplifiers coupled in parallel. AS 
described above with reference to FIG. 6, each of these class 
AB amplifiers is designed with an offset, the offsets selected 
such that the linearity of the transconductance circuit 400 is 
improved over the linearity of a Single class AB transcon 
ductor amplifier. However, the transconductor circuit 400 
shows how one particular type of class AB amplifier is 
coupled in accordance with the present invention. 

The first class AB amplifier of FIG. 8 is formed from a 
pair of differentially coupled diamond followers whose 
output emitters may be coupled through a common load 
resistance Rev. Alternatively, the common load resis 
tance Roy can be left out of the circuit. Each diamond 
follower includes a pair of bias current Sources I, and four 
transistors (one follower is made of transistors Q1-Q4, the 
other follower is made of transistors Q5-Q8). The second 
class AB amplifier likewise is formed from a pair of differ 
entially coupled diamond followers whose output emitters 
may be coupled through a common load resistance Roy. 
Again, the common load resistance Roy can alterna 
tively be left out. Each diamond follower includes a pair of 
bias current Sources I, and four transistors (one follower 
is made of transistors Q9-Q12, the other follower is made of 
transistors Q13-Q16). As will be appreciated, the gain of the 
class AB amplifiers of FIG. 8 implemented with bipolar 
transistors and lacking the common load resistance is ideally 
a hyperbolic Sine (sin h) function. 

Offset can be introduced into the class AB amplifiers of 
the transconductance circuit 400 through several different 
techniques. One preferred technique involves Selecting the 
Size or Saturation current of the different transistors appro 
priately. For example, positive offset can be introduced into 
the first class AB amplifier by Setting the sizes of transistors 
Q2 and Q5 to Some value greater than unity, and Setting the 
sizes of the other transistors of the first class AB amplifier to 
unity. Likewise, negative offset can be introduced into the 
Second class AB amplifier by Setting the sizes of transistors 
Q9 and Q14 to Some value greater than unity, and Setting the 
sizes of the other transistors of the Second class AB amplifier 
to unity. Of course, those of skill in the art will recognize that 
a variety of different configurations of the transistor Sizes 
can produce the desired offset. 

Another preferred technique for introducing offset into the 
class AB amplifiers of the transconductance circuit 400 
involves Selecting the values of the bias current Sources I, 
to be imbalanced. For example, positive offset could be 
introduced into the first class AB amplifier by having the 
bias current Sources coupled to the emitters of transistorS Q2 
and Q5 be smaller than the bias current sources coupled to 
the emitters of transistors Q1 and Q6. Yet another technique 
for introducing offset into the class AB amplifiers of the 
transconductance circuit 400 involves adding resistors, as 
needed, in Series with the base or emitter of Selected 
transistors. 

The transconductance circuit 400 of FIG. 8 illustrated a 
transconductance circuit of the present invention that ulti 
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6 
lized two class AB amplifiers of identical design type. Four 
other possible class AB amplifiers (450, 460, 470, and 480, 
respectively) are illustrated in FIGS. 9A-9D, these being 
just Some of the numerous class AB configurations that are 
Suitable for the present invention. 
The class AB amplifier 450 of FIG. 9a is formed from a 

transistor quad (Q1-Q4) and a bias current Source Iq. The 
input Voltage V is coupled to the bases of transistorS Q3 
and Q4. The input Voltage V is Similarly coupled to the 
emitters of transistors O2 and Q4. The emitters of transistors 
Q1 and Q3 are coupled together. The bias current Iq drives 
the collector of transistor Q1 and both bases of transistors 
O1 and O2. 
The class AB amplifier 460 of FIG.9b is similarly formed 

from a transistor quad (Q1-Q4) and a bias current Source Iq. 
The input voltage V is coupled to the bases of transistors 
Q1 and Q2. The input voltage V is similarly coupled to 
the emitters of transistors O2 and Q4. The emitters of 
transistors Q1 and Q3 are coupled together. The bias current 
Iq drives the collector of transistor Q3 and both bases of 
transistors Q3 and Q4. 
The class AB amplifier 470 of FIG. 9c is formed from a 

transistor quad (Q1-Q4) coupled with two bias current 
Sources Iq. The input voltage V is coupled to the emitters 
of transistors Q1 and Q3, while the input voltage V, is 
coupled to the emitters of transistors Q2 and Q4. The first 
bias current Source Iq provides current to the collector of 
transistor Q1 and the bases of transistors Q1 and O2. The 
Second bias current Source Iq provides current to the col 
lector of transistor Q3 and the bases of transistors Q3 and 
Q4. 
The class AB amplifier 480 of FIG. 9d is formed from six 

transistors (Q1-Q6), two bias current Sources Iq, and a bias 
circuit. The input Voltage V couples to the emitters of 
transistors Q1 and Q3, while the input voltage V, couples 
to the emitters of transistors O2 and Q4. The first bias 
current Source Iq provides current to the collector of tran 
sistor Q1 and the base of transistors Q5. The second bias 
current Source Iq provides current to the collector of tran 
sistor Q3 and the base of transistors O6. The bias circuit 
works in conjunction with transistors Q.5 and Q6 to provide 
bias current to the bases of transistors Q1-Q4. 

FIG. 10 illustrates a transconductance circuit 490 having 
a plurality N of class AB amplifiers coupled in parallel 
acroSS input and output terminals. The linearity of a 
transconductance circuit 490 is further improved by provid 
ing a plurality of class AB transconductor amplifiers coupled 
in parallel. Each class AB transconductor amplifier 1 
through N is designed with an offset chosen such that the 
individual nonlinear transfer functions are arranged along 
the input voltage axis to achieve a more linear transfer 
function of the combined transconductance circuit. These 
class AB transconductor amplifiers may have identical trans 
fer functions, or may be selected according to the desired 
result. 

FIG. 11 illustrates an operational amplifier 500 in accor 
dance with still another embodiment of the present inven 
tion. FIG. 11 illustrates the operation amplifier 500 having 
two Stages, i.e., input Stage 510 and Second Stage 512. 
However, the operational amplifier 500 may have a plurality 
of Stages depending upon the Specific design. Importantly, 
however, the input Stage 510 provides a linearized transcon 
ductor Such as the transconductance circuit 400 of FIG. 8 
and thus exhibits the improved linearity described above. 
The Second Stage 512 may be a gain Stage or output stage 
operable to amplify the output current provided by the input 
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Stage 510, generating output Voltage that is an amplified 
version of the input Voltage provided at the input Stage 512. 

In the embodiments described above, the parallel class 
AB amplifiers were coupled directly together at their out 
puts. This essentially resulted in Summing those outputs 
thereby improving linearity directly at the output of the 
transconductor Stage. However, it is also contemplated that 
the outputs of parallel class AB amplifiers may be coupled 
to Separate Stages. By driving individual Stages that are later 
combined, the linearity of the total circuit is improved 
even though the outputs of the transconductance Stage may 
not appear more linear. 

Turning to FIG. 12, a summing circuit 600 provides one 
example of Such a multiple Stage circuit. In FIG. 12, the 
Summing circuit 600 includes a transconductance circuit 610 
with class AB transconductance amplifiers parallel coupled 
and driving Separate Subsequent Stages of the Summing 
circuit. In this instance, the transconductance circuit 610 
drives a pair of arithmetic circuits 620 and 630, which in turn 
drive a final Summer circuit 640. Of course, the summing 
circuit 600 of FIG. 12 is simply an example illustrating the 
decoupling of the outputs of the class AB transconductance 
amplifiers. 

Further embodiments of the present invention related to 
FIG. 12 provide multiple Stage circuits having a transcon 
ductance circuit formed with parallel coupled amplifiers 
other than class AB amplifiers. E.g., the transconductance 
circuit 312 may be formed using tan h type transconductors 
Such as those described above with reference to FIG. 3, but 
with outputs decoupled. These parallel coupled amplifiers 
are connected at the input, have outputs driving Separate 
Subsequent Stages, and have offsets Selected to improve the 
linearity of the overall multiple stage circuit. 

According to another aspect of the present invention, the 
transconductance circuitry may include devices other than 
class AB amplifiers. Other circuitry may be coupled in 
parallel and/or in Series with the parallel coupled class AB 
amplifiers in order to achieve desired electrical characteris 
tics of the transconductance circuitry. For example, a tan h 
doublet Such as that described above with reference to FIG. 
3 may be coupled in parallel with the class AB amplifiers. 

Although only a few embodiments of the present inven 
tion have been described in detail herein, it should be 
understood that the present invention may be embodied in 
many other Specific forms without departing from the Spirit 
or Scope of the invention. 

For example, the Symbol utilized to denote transistors in 
the Figures is generally known to represent bipolar type 
transistor technology. However, it will be appreciated that 
field-effect transistors (FETs) such as MOSFETs would 
work well for the present invention. 

The present invention is in no way limited to the particular 
class AB amplifiers described herein. Instead, as earlier 
mentioned, it is contemplated that any combination of any 
type of class AB amplifiers would be suitable. 

Therefore, the present examples and embodiments are to 
be considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein, but 
may be modified within the Scope of the appended claims. 

I claim: 
1. A transconductance circuit characterized by a Voltage to 

current transfer function, the transconductance circuit com 
prising: 

a first amplifier having a positive offset, Said first amplifier 
having a Substantially hyperbolic Sine (Sinh) voltage to 
current transfer function; 
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8 
a Second amplifier having a negative offset, Said Second 

amplifier having a Subtantially hyperbolic Sine (sin h) 
Voltage to current transfer function; wherein Said first 
and Second amplifiers are coupled in parallel acroSS 
differential input and output pairs, wherein the negative 
and positive offsets are Selected to improve linearity of 
the Voltage to current transfer function of the transcon 
ductance circuit. 

2. A transconductance circuit as recited in claim 1 wherein 
the negative offset and the positive offset are of Substantially 
identical magnitude. 

3. A transconductance circuit as recited in claim 1 wherein 
the first amplifier means includes a pair of differentially 
coupled diamond followers and a common load resistance 
Ry, each diamond follower having four transistors and 
two bias current Sources, the transconductance of the first 
amplifier means being a function of transistor gain, the 
available bias current and the common load resistance 
RDGEN. 

4. A transconductance circuit as recited in claim3 wherein 
the positive offset is due to an imbalance between the sizes 
of the transistors of the first amplifier means. 

5. A transconductance circuit as recited in claim3 wherein 
the positive offset is due to an imbalance between the bias 
current Sources of the first amplifier means. 

6. A transconductance circuit as recited in claim 3 wherein 
the positive offset is due both in part to an imbalance 
between the sizes of the transistors of the first amplifier 
means in part to an imbalance between the bias current 
Sources of the first amplifier means. 

7. A transconductance circuit as recited in claim3 wherein 
the positive offset is due to the coupling of at least one 
resistor in Series with an emitter or a base of a transistor 
located along the Signal path. 

8. A transconductance circuit as recited in claim 7 wherein 
the at least one resistor is a component of the first amplifier 
CS. 

9. A transconductance circuit as recited in claim 3 wherein 
the negative offset and the positive offset are of Substantially 
identical magnitude. 

10. A transconductance circuit as recited in claim 3 
wherein the negative offset and the positive offset are of 
different magnitude. 

11. A transconductance circuit as recited in claim 3 
wherein the transistors are bipolar transistors. 

12. A transconductance circuit as recited in claim 3 
wherein the transistors are field-effect transistors. 

13. A transconductance circuit as recited in claim 1 further 
including third and fourth amplifier means connected in 
parallel with the first and Second amplifier means. 

14. A transconductance circuit as recited in claim 1 
wherein the transconductance circuit is formed on a single 
integrated circuit. 

15. A transconductance circuit as recited in claim 1 
wherein the first and Second amplifier means are of identical 
type. 

16. A transconductance circuit as recited in claim 1 further 
including at least one additional amplifier means coupled in 
parallel acroSS differential input and output pairs, the at least 
one additional amplifier means having an offset Selected to 
improve linearity of the Voltage to current transfer function 
of the transconductance circuit. 

17. A transconductance circuit as recited in claim 16 
wherein the offset of the at least one additional amplifier 
means is a Zero offset. 

18. A transconductance circuit as recited in claim 1 
wherein the first amplifier means includes four transistors 
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Q1-Q4 and a current Source Iq, the current Source Iq 
providing bias current to the collector of transistor Q1 and 
the bases of transistors Q1 and O2, the emitters of transistors 
Q1 and Q3 coupled, the emitters of transistors Q2 and Q4 
coupled, and the bases of Q3 and Q4 coupled. 

19. A transconductance circuit as recited in claim 1 
wherein the first amplifier means includes four transistors 
Q1-Q4 and a current Source Iq, the current Source Iq 
providing bias current to the collector of transistor Q3 and 
the bases of transistors Q3 and Q4, the emitters of transistors 
Q1 and Q3 coupled, the emitters of Q2 and Q4 coupled, and 
the bases of Q1 and Q2 coupled. 

20. A transconductance circuit as recited in claim 1 
wherein the first amplifier means includes four transistors 
Q1-Q4 and first and Second current Sources Iq, the first 
current Source providing bias current to the collector of 
transistor Q1 and the bases of transistors Q1 and O2, the 
Second current Source Iq providing bias current to the 
collector of transistor Q3 and the bases of transistors Q3 and 
Q4, the emitters of transistors Q1 and Q3 coupled, and the 
emitters of Q2 and Q4 coupled. 

21. A transconductance circuit as recited in claim 1 
wherein the first amplifier means includes Six transistors 
Q1-Q6, first and Second current Sources, and a bias circuit, 
wherein the first current Source provides bias current to the 
base of transistor Q5 and the collector of transistor Q1, the 
Second current Source provides bias current to the base of 
transistor O6 and the collector of transistor Q3, bias current 
is provided to the bases of transistors Q1-Q4 via transistors 
Q5 and Q6 and the bias circuit, the emitters of Q1 and Q3 
are coupled, and the emitters of Q2 and Q4 are coupled. 

22. A transconductance circuit characterized by a Voltage 
to current transfer function, the transconductance circuit 
comprising: 

a differential input pair; 
a differential output pair; 
a first amplifier including a pair of differentially coupled 
diamond followers, each diamond follower having four 
transistors and two bias current Sources, the transcon 
ductance of the first amplifier being a function of 
transistor Size and the available bias current, the first 
amplifier having a positive offset; and 

a Second amplifier including a pair of differentially 
coupled diamond followers, each diamond follower 
having four transistors and two bias current Sources, the 
transconductance of the Second amplifier being a func 
tion of transistor Size and the available bias current, the 
Second amplifier having a negative offset, 

wherein the first and Second amplifiers are coupled in 
parallel acroSS the differential input and output pairs, 
and the negative and positive offsets are Selected to 
improve linearity of the Voltage to current transfer 
function of the transconductance circuit. 
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23. A transconductance circuit as recited in claim 22 

wherein a Voltage to current transfer function of the first 
amplifier means is Substantially a hyperbolic Sin (sin h) 
function, and a Voltage to current transfer function of the 
Second amplifier means is Substantially a Sin h function. 

24. A transconductance circuit as recited in claim 22 
wherein the negative offset and the positive offset are of 
Substantially identical magnitude. 

25. A transconductance circuit as recited in claim 22 
wherein the positive offset is due to an imbalance between 
the sizes of the transistors of the first amplifier means. 

26. A transconductance circuit as recited in claim 25 
wherein the negative offset is due to an imbalance between 
the sizes of the transistors of the Second amplifier means. 

27. A transconductance circuit as recited in claim 22 
wherein the positive offset is due to an imbalance between 
the bias current Sources of the first amplifier means. 

28. A transconductance circuit as recited in claim 27 
wherein the negative offset is due to an imbalance between 
the bias current Sources of the Second amplifier means. 

29. A transconductance circuit as recited in claim 22 
wherein the positive offset is due both in part to an imbal 
ance between the gains of the transistors of the first amplifier 
means in part to an imbalance between the bias current 
Sources of the first amplifier means. 

30. A transconductance circuit as recited in claim 22 
further including additional circuitry coupled in parallel with 
the first and Second amplifier means, the additional circuitry 
Suitable for providing the transconductance circuit electrical 
characteristics not provided by the first and Second amplifier 
CS. 

31. A transconductance circuit as recited in claim 22 
wherein the negative offset and the positive offset are of 
different magnitude. 

32. A transconductance circuit as recited in claim 22 
wherein the transistors are bipolar transistors. 

33. A transconductance circuit as recited in claim 22 
wherein the transistors are field-effect transistors. 

34. A transconductance circuit as recited in claim 22, 
wherein the first amplifier means further includes a first 
common load resistance Roy and the Second amplifier 
means further includes a Second common load resistance 
RDGEN. 

35. A transconductance circuit as recited in claim 22 
wherein the positive offset is due to the coupling of at least 
one resistor in Series with an emitter or a base of a transistor 
located along the Signal path. 

36. A transconductance circuit as recited in claim 35 
wherein the at least one resistor is a component of the first 
amplifier means. 


